A lthough malignant tumors metastasizing into the pituitary fossa are not infrequent events in autopsy series, 6, 10, 17, 18 pituitary metastasis (PM) is rarely diagnosed ante mortem. 3, 14, 18 According to the Brain Tumor Registry of Japan, only 0.4% of intracranial metastatic tumors are located in the pituitary gland. 5 These tumors account for only 1% of surgically treated pituitary tumors. 8, 16, 31 Recently, as the number of patients diagnosed with cancer has increased and their survival time has been extended, PMs have been diagnosed more frequently than before. 16, 20, 24 Many authors have reported their own experiences or their institutional series on PMs. 3, 11, 13, 14, 20, 26, 31 There are also reviews involving large numbers of reported cas- results Between 1995 and 2010, 201 patients with PMs were treated by the participating physicians. The diagnosis of PM was histologically verified in 69 patients (34.3%). In the other 132 patients (65.7%), the PM was diagnosed by their physicians based on neuroimaging findings and clinical courses. The most frequent primary tumor was lung (36.8%), followed by breast (22.9%) and kidney (7.0%) cancer. The average interval between diagnosis of primary cancer and detection of PM was 2.8 ± 3.9 (SD) years. Major symptoms at diagnosis were visual disturbance in 30.3%, diabetes insipidus in 27.4%, fatigue in 25.4%, headache in 20.4%, and double vision in 17.4%. Major neuroimaging features were mass lesion in the pituitary stalk (63.3%), constriction of tumor at the diaphragmatic hiatus (44.7%), hypothalamic mass lesion (17.4%), and hyperintensity in the optic tract (11.4%). Surgical treatment was performed in 26.9% of patients, and 74.6% had radiation therapy; 80.0% of patients who underwent radiotherapy had stereotactic radiotherapy. The median survival time was 12.9 months in total. Contributing factors for good prognosis calculated by Cox proportional hazard analysis were younger age, late metastasis to the pituitary gland, smaller PM size, and radiation therapy. The Kaplan-Meier survival was significantly better in patients with breast cancer and renal cell cancer than in those with lung cancer. coNclusioNs At the time of this writing, approximately 60% (120/201) of PMs had been treated by stereotactic radiation therapy in Japan. The median survival time was much longer than that reported in past series. To confirm the changes of clinical features and medical practice, a prospective and population-based survey is mandatory.
obJect With advancement of cancer treatment and development of neuroimaging techniques, contemporary clinical pictures of pituitary metastases (PMs) must have changed from past reports. The goal of this paper was to elucidate the clinical features of PMs and current clinical practice related to those lesions. In this retrospective study, questionnaires were sent to 87 physicians who had treated PMs in Japan. results Between 1995 and 2010, 201 patients with PMs were treated by the participating physicians. The diagnosis of PM was histologically verified in 69 patients (34.3%). In the other 132 patients (65.7%), the PM was diagnosed by their physicians based on neuroimaging findings and clinical courses. The most frequent primary tumor was lung (36.8%), followed by breast (22.9%) and kidney (7.0%) cancer. The average interval between diagnosis of primary cancer and detection of PM was 2.8 ± 3.9 (SD) years. Major symptoms at diagnosis were visual disturbance in 30.3%, diabetes insipidus in 27.4%, fatigue in 25.4%, headache in 20.4%, and double vision in 17.4%. Major neuroimaging features were mass lesion in the pituitary stalk (63.3%), constriction of tumor at the diaphragmatic hiatus (44.7%), hypothalamic mass lesion (17.4%), and hyperintensity in the optic tract (11.4%). Surgical treatment was performed in 26.9% of patients, and 74.6% had radiation therapy; 80.0% of patients who underwent radiotherapy had stereotactic radiotherapy. The median survival time was 12.9 months in total. Contributing factors for good prognosis calculated by Cox proportional hazard analysis were younger age, late metastasis to the pituitary gland, smaller PM size, and radiation therapy. The Kaplan-Meier survival was significantly better in patients with breast cancer and renal cell cancer than in those with lung cancer. coNclusioNs At the time of this writing, approximately 60% (120/201) of PMs had been treated by stereotactic radiation therapy in Japan. The median survival time was much longer than that reported in past series. To confirm the changes of clinical features and medical practice, a prospective and population-based survey is mandatory.
es. 4, 11, 18, 20, 22, 28 Accordingly, prognosis is generally poor, with a median survival time of around 6 months. 4, 11, 18, 20, 22, 27 However, these reports and reviews may have been biased from reports of infrequent clinical presentations of patients with this rare disorder 16 and would be obsolete because some of the cases were treated 3-4 decades ago. Cancer treatments have recently been developing rapidly, and the prognosis for cancer patients has been improving (http:// ganjoho.jp/professional/statistics/). Magnetic resonance imaging has facilitated the early detection of sellar lesions, and the diagnosis of PMs has been reported to largely depend on these imaging studies. 13, 14 Furthermore, recent reports have depicted cases of patients who survived long after the diagnosis. 13, 31 We should, therefore, consider the lack of a clear clinical picture of this disease in the era of MRI and advanced cancer treatment, which are essential for proper management of this disease. Therefore, we conducted a questionnaire study to elicit the diagnostic practice, clinical and radiological features, treatment modalities, and prognosis of PMs treated during a recent 15-year period in Japan.
methods survey by Questionnaire
The first questionnaire simply asked about physicians' experiences with treating patients with PMs during a 15-year time period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . The first questionnaire was sent by mail to all 365 clinics that have been designated as training centers for clinical endocrinology by the Japan Endocrine Society, which covers most endocrinology clinics in Japan, and to 860 members of The Japanese Society for Hypothalamic and Pituitary Tumors, representing a majority of centers treating hypothalamopituitary diseases in Japan. Considering the recent trend in Japan that general internists and surgeons treating cancers frequently send patients to stereotactic radiation centers without consulting neurosurgeons or endocrinologists when they find intracranial metastasis, the questionnaire was also sent to 56 stereotactic radiotherapy centers. The first questionnaire was distributed to 1069 physicians in 626 hospitals. Four hundred twenty-three (39.6%) physicians from 314 (50.2%) hospitals replied to the questionnaire; among them, 20.6% (87/423) from 84 hospitals reported that they had treated patients with PMs within the 15-year time span. Reports of 209 PMs were collected through the first questionnaire.
Subsequent questionnaires were sent to these 87 physicians to obtain detailed information, such as age, sex, primary tumors, symptoms, endocrinological status, MRI findings, treatment modalities such as surgery and radiotherapy, complications, and prognosis.
To determine the characteristics of extension of PMs, we compared geometric indicators on MRI of PMs with those of previously reported 50 cases of clinically nonfunctioning pituitary adenoma treated in Kagoshima University Hospital during 2007-2011. 1 
statistical analyses
The Statflex version 6.0 software program (Artech Co.) was used for statistical analysis of the results. Depending on the characteristics of the data sets, data were analyzed 
results demography
Scrupulous collation found that 8 cases were reported twice from different institutions. Therefore, a total of 201 patients with PMs were included in this study (male/female 109:92). The patients' ages ranged from 26 to 85 years with a mean of 59.0 ± 11.4 years (error rate 1.4%). The age of 1 patient was not reported. The most common age group was the 60-to 64-year group, followed by the 55-to 59-year group (Fig. 1) . The average age of the 108 male patients was 61.1 ± 10.7 years (error rate 1.7%), and that of the 92 female patients was 56.5 ± 11.7 years (error rate 2.7%).
diagnosis of pm
It was noteworthy that the diagnosis of PM was histologically verified in only 69 patients (34.3%). These patients were classified as the "definite group." In the other 132 patients (65.7%), the PM was diagnosed by their physicians-in-charge based on neuroimaging findings, clinical presentation, clinical course, and an increase in blood tumor markers, and combinations of these factors. These nonhistologically verified tumors were classified as the "nondefinite group."
primary tumor sites
In the 201 patients, the most frequent primary tumor was lung cancer (36.8%), followed by breast (22.9%), kidney (7.0%), and colorectal (6.5%) cancer (Fig. 2) . Among 109 men, lung cancer was the most frequent primary tumor (45.9%), followed by kidney (11.0%), lymphatic (8.3%), liver (7.3%), and colorectal (4.6%) cancer (Fig. 3  left) . Among 92 women, breast cancer was the most frequent (50.0%), followed by lung (26.1%) and colorectal (8.7%) cancer (Fig. 3 right) .
interval between the diagnosis of primary tumor and pm
The interval between detection of the PM and primary tumor was reported in 157 cases. Detection of the pituitary lesion preceded the diagnosis of primary tumor in 17 of 157 cases (10.8%). In the remaining 140 patients, the average interval between diagnosis of the initial cancer and detection of the PM was 2.8 ± 3.9 years (error rate 11.8%). The interval was within 1 year in 45.0% (n = 63), 1-3 years in 22.9% (n = 32), 3-5 years in 12.1% (n = 17), 5-10 years in 15.0% (n = 21), and longer than 10 years in 5.0% (n = 7) of the 140 patients. In 63 patients with a PM detected within 1 year after the diagnosis of primary tumor, the most frequent primary tumor was lung cancer (61.9%) followed by lymphoma (7.9%). On the contrary, among a total of 28 patients whose pituitary lesion was detected more than 5 years after the diagnosis of primary tumor, the most frequent primary tumor was breast cancer (53.6%) followed by colorectal (10.7%) and kidney (10.7%) cancer. Only 7.1% of this group of patients had lung cancer.
symptoms
Symptoms at the time of diagnosis of PMs greatly varied, with visual disturbance in 30.3%, diabetes insipidus in 27.4%, fatigue in 25.4%, headache in 20.4%, double vision in 17.4%, nausea/vomiting in 11.4%, consciousness disturbance in 8.0%, appetite loss in 6.5%, seizure in 1.5%, and cold intolerance in 1.0% of total cases (multiple answers were allowed for this question) (Fig. 4) . It was noticeable that symptoms that are rarely seen in pituitary adenoma such as diabetes insipidus and double vision were not uncommon in this PM series.
anterior pituitary Functions
Hormone assays varied among institutions, and the assessment of pituitary function was left to the discretion of the participating physicians. Patients with hypoadrenocorticism, as judged by low serum cortisol levels or newly initiated hydrocortisone replacement, accounted for 42.3% (85/201) of all and those with hypothyroidism, as judged by low serum thyroxine levels or newly initiated levothyroxine replacement, accounted for 43.3% (87/201) of all. Among 54 patients whose insulin-like growth factor level was measured, 26 (48.1%) showed low levels, less than -2 standard deviations of the age-and sex-matched normal population. The gonadal function was not included in the questionnaire due to the difficulty of judging its function solely by the levels of sex steroids.
Neuroimaging Findings
All patients underwent MRI. Mass lesions in other intracranial sites were seen in 45.0% (81/180; denominator in this paragraph is the total number of responses to each particular question [ Table 1] ). Among 180 patients who underwent MRI with gadolinium contrast, 176 (97.8%) tumors were well enhanced, while 4 (2.2%) tumors were poorly enhanced. The incidence of MRI findings, according to the physicians or radiologists who evaluated the images, were as follows: mass lesion in the pituitary stalk, 63.7% (107/168); dumbbell shape or constriction of tumor at diaphragmatic hiatus (Fig. 5 
size and direction of extension in pm
The size of the PMs, reported in 185 cases, ranged from 1 to 60 mm with mean of 20.9 ± 10.6 mm (error rate 3.7%). The mean length of upward extension of the tumor (Fig. 7) , that is, the distance of uppermost part of tumor from the line connecting tuberculum sellae and tip of dorsum sellae (TD line), was 12.8 ± 8.6 mm (error rate 4.9%). The mean length of upward extension of PMs was longer than that of 50 nonfunctioning pituitary adenomas (10.3 ± 6.5 mm, error rate 8.9%), which we previously reported, 1 but statistically insignificant (p = 0.12, Mann-Whitney U-test). The length of downward extension (Fig. 8) , the distance of the lowermost part of the tumor from the standardized sellar floor, which is 7.2 mm deeper from the TD line, 1,30 was 3.0 ± 3.9 mm (error rate 9.6%), which was significantly shorter than that of 50 nonfunctioning adenomas (8.9 ± 4.5 mm, error rate 7.2%) 1 (p < 0.01, Mann-Whitney U-test) (Fig. 8) .
control of primary tumor
The status of primary tumor control was available in 162 patients. At the time of diagnosis of PM, the primary lesion was thought to be under control in 37.0% (60/162) of the reported patients.
treatment of pm
As for treatment, surgery was performed in 26.9% (54/201) of the patients and radiotherapy targeting the PM was performed in 74.6% (150/201) of total patients. Of these 150 patients, 80.0% (120/150) underwent stereotactic radiotherapy including Gamma Knife in 108 patients, CyberKnife in 11 patients, and stereotactic linear accelerator in 1 patient. For Gamma Knife surgery, a median peripheral dose of 18.0 Gy was given in most cases in a single session, with an average dose of 16.7 ± 4.8 Gy. Two or three sessions of Gamma Knife surgery were performed in 3 patients. For CyberKnife treatment, a median peripheral x-ray dose of 30 Gy was given in 3-8 fractions, with an average dose of 28.0 ± 5.9 Gy. External beam xray radiation was given in 30 patients with a median dose of 40 Gy in 18 fractions. In 6 patients, the second stereo- tactic radiation session was performed using the Gamma Knife or CyberKnife for recurrence of the lesion. Chemotherapy was instituted in 9.0% (18/201) of the patients after the diagnosis of PM. Treatment targeted to the PM was not given in 15.4% (31/201) of patients.
As for treatment complications, surgical complications were documented in 5 patients (9.3%) among 54 surgeries: 3 in transsphenoidal surgery and 2 in transcranial surgery. Surgical morbidity included hypopituitarism, diabetes insipidus, visual disturbance, and consciousness disturbance. Radiation-induced morbidity was reported in 10 patients (6.7%) among 150 patients who underwent initial radiotherapy. These included emesis, hypopituitarism, diabetes insipidus, and visual disturbance.
Consecutive changes in tumor size of PMs for 1 year after radiation therapy were reported in 73 patients. Tumor size decreased in 78.1% (57/73), increased in 9.6% (7/73), and was unchanged in 12.3% (9/73) during the first 6 months. In 7 patients, the tumor size increased after the initial decrease during 1 year after the radiation therapy. 
survival analysis
For the survival analysis, detailed information of 165 patients was collected. The overall median survival time was 12.9 months. Survival rates at 1, 2, and 3 years were 50.9%, 32.4%, and 28.2%, respectively (Fig. 9) .
The median survival time largely varied depending on primary tumor: 8.9 months in 58 patients with lung cancer, 25.6 months in 41 patients with breast cancer, and 33.4 months in 13 patients with renal cancer (Fig. 10A) . The Kaplan-Meier survival curve showed significantly better survival in patients with breast cancer and renal cell cancer than in those with lung cancer (p = 0.0012, log-rank test).
The status of control of primary tumor affected the survival. The median survival time of patients with good control of primary tumor (n = 52) was 46.2 months and that of patients with poor control (n = 86) was only 10.2 months; the difference is statistically significant (p = 0.0014, logrank test) (Fig. 10B) .
The survival rate of patients older than 70 years was significantly poorer than that of younger population, with median survival times of 16.8 months in 40 patients 25-49 years old, 18.3 months in 45 patients 50-59 years old, 9.1 months in 55 patients 60-69 years old, and 6.9 months in 25 patients 70-85 years old (p = 0.0059, log-rank test) (Fig. 10C) . The survival rate for women tended to be better than that for men (p = 0.0809), with median survival times of 16.8 and 9.1 months in 76 women and 89 men, respectively.
In 123 patients treated with radiation therapy, the median survival time was significantly better (16.4 months) than in 42 patients not treated with radiation (6.4 months; p = 0.0001) (Fig. 10D) . The median survival time in 24 patients who underwent conventional multifractionated external beam radiotherapy was 16.1 months and that in 97 patients who underwent stereotactic radiation was 18.7 months; the survival curves were almost overlapped (p = 0.743, log-rank test).
Clinical Features of Definite Group and Nondefinite Group
To elucidate the clinical features of 132 patients whose tumors were not histopathologically diagnosed (the nondefinite group), the following comparisons were conducted (Table 2 ). In the nondefinite group, the lung was the site of the primary tumor in 43.9% (58/132) of nondefinite cases and in 23.2% (16/69) of definite cases. Diagnosis of the PM preceded that of the primary lesions in 6.1% 
contributing Factors on survival rate
For Cox proportional hazard analysis, 133 sets of data were available with information regarding age, sex, interval between the diagnosis of primary tumor and PM, control status of the primary lesion, maximum diameter of the PM, presence of other intracranial lesions, chemotherapy, and radiotherapy (Table 3 ). In summary, the following were independent factors for better prognosis (hazard ratio < 1, p < 0.05): young age, late metastasis to the pituitary gland, smaller size of the PM, and radiation therapy. Control state of the primary lesion tended to affect the survival (p = 0.0507).
discussion
We conducted a nationwide questionnaire survey covering almost all endocrinology and neurosurgery institutions as well as stereotactic radiation centers in Japan to characterize the current clinical features of PMs. Through this study, some contemporary aspects of this disease were elicited.
clinical Features of pms
The most frequent primary tumor of symptomatic PM has been reported to be breast cancer. 16, 19, 20, 28 However, in this survey, overall the most frequent primary tumor was lung cancer (36.8%), followed by breast cancer (22.9%), although breast cancer was still the most frequent (50.0%) in women. It is also noteworthy that the incidence of prostate cancer, which was generally reported as the third primary tumor in previous series, 7, 16 was as low as 0.5% in our series. There were no cases of melanoma in this series.
These findings may be a reflection of the relatively low prevalence of these cancers in the Japanese population or in Mongolia. 2, 12, 29 A review of 190 symptomatic PMs by Komninos et al. showed that in 83 (43.7%) cases the primary tumor was latent when the PM was discovered. 16 This figure might be influenced by the multiple reports describing rare presentations. 16 In our series, primary tumors were generally diagnosed before the detection of PMs; the pituitary lesions were detected before the original tumor in only 10.8% of cases. The mean intervals for detection of PM widely varied depending on the primary tumor: 0.68 years for lung cancer, 2.84 years for kidney cancer, and 4.76 years for breast cancer. Therefore, the usual 5-year limit could not be set to preclude the possibility for less aggressive tumor such as breast or colorectal cancer to metastasize into the pituitary gland.
imaging diagnosis
Pituitary adenoma is benign and the most common sellar tumor, which accounts for 76.4% of pituitary glandchiasmatic region tumors. 5 Therefore, the preoperative differentiation of PM from pituitary adenoma based on imaging studies has critical importance. Some imaging features suggestive of PM have been reported. Constriction at the diaphragma sellae, documented in 44.7% (80/179) of cases in our series, was reported to be 10% by Komninos et al. 16 The difference in incidence seems to be deeply affected by the authors' awareness of this finding. It was seen in all of 4 PMs reported by Schubiger and Haller. 26 The constriction or dumbbell shape may reflect infiltrative growth of the malignant tumor, which passes through the diaphragmatic hiatus without enlarging it and grows under and above it. Edema along the optic chiasm and tract was first described in a craniopharyngioma case and soon reported to be seen in other sellar lesions including PM but rarely seen in pituitary adenoma. 25 In this study, it was seen in 11.5% of cases.
Bony changes, such as erosion of surrounding bony structures and sellar enlargement, are well-known findings. 16, 20 Kistler and Pribram reported that enlargement of the sella precludes the possibility of PM. 15 The study showed that the length of inferior extension was significantly smaller in PMs, while the length of upward growth was larger than nonfunctioning pituitary adenomas. A PM may manifest clinical symptoms before enlargement of the sella turcica by rapid growth in an upward direction.
treatment
Microscopic or endoscopic transsphenoidal surgery may quickly improve ophthalmological symptoms. 20, 23 However, sufficient decompression may be occasionally hindered by the fibrous component of the tumor or excessive bleeding. 7, 11, 16, 21, 24, 27 Considering that progression of the pituitary lesion itself was the cause of death in only 13% of patients, the surgical eradication of the pituitary lesion may not significantly benefit the overall survival. 16, 20, 23 Currently, 58 Gamma Knife units are in service in Japan (information from personal contact with distributors). In this series, 59.7% (120/201) of the patients received stereotactic irradiation. Iwai and colleagues reported that 6 of 7 patients achieved regional control and improvement of symptoms after stereotactic radiotherapy with a marginal dosage of 10-14 Gy (mean 11.9 Gy) using the Gamma Knife. 13 Kano et al. reported their experience of treating 18 patients who harbored PMs using the Gamma Knife.
14 Although the overall survival was limited, the lesions were well controlled and new symptoms due to tumor progression were demonstrated in only 3 patients. 14 Considering limited survival time of the patients, poor general condition, and the noninferiority to conventional multiple fractionated radiation in terms of median survival time (see Survival Analysis), stereotactic radiation may become the first choice of radiation treatment for PMs in cases without multiple intracranial metastases.
prognosis
The prognosis for patients with PMs is poor, not because of the location per se but because of the advancing stage of the primary cancer. 16, 20 Furthermore, at the time of diagnosis, more than half of the patients have systemic metastasis. 9, 11, 14, 18, 20 Median survival reported in previous series ranged from 6 to 11 months; 11, 13, 16, 18, 20 survival rarely surpassed 3 years. 22 However, in the series of Morita et al., 3 of 36 patients survived at 5 years following diagnosis. 20 A very recent report also showed a prolonged median survival time of 11.8 months (ranging from 3 to 43 months) in a series of 15 PMs. 31 The median survival time was 12.9 months in our series. Given that only 13.2% of patients died of progression of the pituitary lesion, the improved survival may have been due to development of systemic treatment and management for advanced cancer.
The elongation of the survival will necessitate the change of management strategy for patients with PMs, limitations of this study and Future study First, it was surprising that more than 60% of the patients were diagnosed with PMs based on neuroimaging findings, clinical presentation, clinical course, and an increase in blood tumor markers, or combinations thereof, and not based on histological evidence. In this group, referred to as the nondefinite group, we cannot exclude a possibility that non-PM cases such as pituitary incidentaloma were included in the cohort. However, this group had more biologically aggressive primary tumors such as lung cancer, more advanced cancer stage, and shorter interval until the detection of PM (see Results). These conditions might have led to poorer general condition precluding biopsy surgery in the nondefinite group. Recent reports on PM also include a large proportion of nondefinite group of diagnosis. 13, 14 We now know that many clinicians diagnosed some PMs without histological evidence and managed these cases based on their tentative diagnoses. We need more detailed clinical and imaging data leading to diagnosis of PMs without pathology to get a holistic understanding of nondefinite PMs. Second, we could not include the analyses of patients' performance status and quality of life, which is mandatory to select proper treatment for this serious illness and should be a task in future studies. Third, due to the retrospective nature of this study, there were frequent missing values in clinical and radiological data, which might have distorted the true figures of the PMs. Fourth, we cannot elicit the rate of pituitary metastasis for each kind of malignant neoplasm due to the low response rate to the questionnaire (50% in hospital base), which may cause considerable selection bias. Furthermore, there is a high probability that many patients with PMs were cared for in small clinics and palliative care centers, to which the questionnaire was not sent, without consulting specialists. Future population-based surveys should be, thus, prospective and inventory.
conclusions
An analysis of 201 cases reported as pituitary metastasis in Japan showed that the most frequent primary tumor was lung cancer followed by breast cancer. Almost 60% of the patients underwent stereotactic radiation for controlling the pituitary lesion. Median survival time was substantially longer, 12.9 months, compared with previous reports. Half of the deaths were caused by progression of the primary lesion, followed by extracranial and intracranial metastases. Only 13.2% of patients died due to an aggravation of pituitary lesion. Considering that more than half of the patients survive longer than a year, PM patients should not be always subjected to terminal-stage care. Appropriate appraisal of pituitary dysfunction and its pertinent replacement are mandatory. The treatment modality should be elucidated by future studies in the light of survival and better quality of life.
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